Placental/umbilical cord blood (CB) contains nucleated cells and hematopoietic stem/ progenitor cells (CD34 + cells). However it is difficult to predict the number of nucleated/ CD34 + cells in each CB before cell processing. Despite many previous studies from institutes affiliated with CB banks in metropolitan areas, little information is available regarding the characteristics of CB units from other medical facilities. The purpose of the present study was to analyze the maternal/neonatal factors on the yield of cells in CB units. A total of 176 CB units were obtained from single-birth and normal vaginal deliveries. Mononuclear low-density (LD) cells were separated using Ficoll-Paque within 24 hrs after CB collection and then processed for the purification of CD34 + cells. A multiple linear regression analysis was performed to assess the correlations between the yield of cells and maternal/neonatal factors including maternal age, gravid status, duration of labor, gestational age, neonatal height and weight, cord length, and meconium in the amniotic fluid. The total LD cells per CB unit had a weak positive correlation with the maternal age of primigravidae. The total LD cells per CB unit from the primigravidae aged 25 were significantly higher than those from the primigravidae aged 24. The total CD34 + cells per CB unit from the 1-gravidae were significantly higher than those from the 2-gravidae and 3-gravidae, respectively among all donors. These results indicate that the CB units from the primigravidae aged 25 are more likely to contain higher yield of LD/CD34 + cells. cord blood; mononuclear cells; CD34 + cells; maternal/neonatal factors.
the action of cytokines on their radiation sensitivity by the use of CD34 + cells prepared from more than 700 CB units collected for the basic research (Sasayama et al. 2001; Xu et al. 2004; Kashiwakura et al. 2006b ). There are particularly notable differences among the collected volume of CB, the yield of mononuclear low-density (LD) cells and CD34 + cells, the proliferative potential, and the radiation sensitivities of the harvested cells. The main purpose of this study was to investigate and clarify the optimal factor based on the maternal/ neonatal characteristics associated with the yield of LD/CD34 + cells contained in the CB units voluntarily collected at one birth center in this local region.
MATERIALS AND METHODS

Collection of CB units
Our previous investigations of differentiation/ proliferation of CB hematopoietic stem/progenitor cells were approved by the Committee of Medical Ethics of Hirosaki University School of Medicine (Hirosaki). CB units were collected at the birth center located in Goshogawara-shi (Aomori). Informed consent was obtained from all the gravidae prior to collection, after the explanation by the midwife during the late gestation period. According to the guidelines of the Tokyo Cord Blood Bank, CB was collected after the delivery of the placenta and drained by gravity in the adjacent room, and allowed to flow into the sterile collection bag containing the anticoagulant citrate-phosphate dextrose (CBC-20, Nipro, Osaka) until the flow ceased.
CB units collected for subjects
Between March 2003 and the end of December 2006, 255 CB units were collected from single-birth and normal vaginal deliveries. Cesarean sections were excluded. Out of 255 CB units, a total of 176 CB units were available for LD cell-separation within 24 hrs after CB collection. The processing for CD34 + cells was not carried out when the CB unit contained fewer LD cells (fewer than 8 × 10 7 cells). Extensive data regarding medical and family history were voluntarily collected and reported by the staff at the birth center. Either unknown or missing data was not taken into account for this analysis. Table 1 shows a total of 61 items concerning maternal/neonatal factors described in the clinical O'Brien et al. 2006 ) and therefore CB has been increasingly used as an alternative source for patients with diseases such as hematopoietic malignancies (Goldman et al. 1998; Tse and Laughlin 2005) . Meanwhile, in order to overcome the limitations of hematopoietic stem/ progenitor cells contained in a CB unit, there has been ongoing research including the ex vivo expansion of hematopoietic stem/progenitor cells using a combination of cytokines (DiGiusto et al. 1996; Shpall et al. 2002) and clinical trials involving the combined transplantation of multiple CB units (Barker et al. 2005) . CB hematopoietic stem/progenitor cells are also used for research in various fields of biological science, such as drug sensitivity (Gribaldo et al. 1999) or radiation sensitivity (Kashiwakura et al. 2000 (Kashiwakura et al. , 2002 (Kashiwakura et al. , 2006a Monzen et al. 2006) . Furthermore, mesenchymal stem cells and somatic stem cells contained in CB have already been applied for bio-medical therapies and research in regenerative medicine (Kögler et al. 2004; McNiece et al. 2004; Hirata et al. 2005; Ma et al. 2005; Pozzi et al. 2006) . The importance of CB has therefore greatly increased as a source for both clinical and basic scientific research. However, it is difficult to predict the number of nucleated/CD34 + cells per CB unit in advance because of extremely wide variations in individual samples. Some previous studies described the context of CB banking regarding the cost of CB cell processing and freezing in storage (Sirchia et al. 1998 (Sirchia et al. , 1999 Ballen et al. 2001; Nakagawa et al. 2004) . Other previous studies also demonstrated the correlations between the number of nucleated/CD34 + cells and maternal/neonatal factors (Donaldson et al. 1999; Yamada et al. 2000; Li et al. 2001; Askari et al. 2005; George et al. 2006; Mancinelli et al. 2006) . Most of the findings were more likely to be the aspects from multiple hospitals affiliated with CB banks located in the metropolitan areas. In contrast, little information has been available for the characteristics of CB units in other local regions due to little attention and few attempts given to such observations.
Over the past decade, we have investigated human megakaryocytopoiesis/thrombopoiesis and charts.
Separation of mononuclear low-density (LD) cells
Twenty ml of CB diluted two-fold with PBS (−) containing 5 mM ethylenediamine-tetraacetic acid (EDTA-PBS [−]) (Wako Pure Chemicals, Tokyo) were layered on 15 ml of Ficoll-Paque (1.077 g/ml, Amersham Pharmacia Biotech AB, Uppsala, Sweden). The samples were centrifuged for 30 min at 300 g at room temperature. The buffy coat including LD cells were harvested and washed twice with EDTA-PBS (−) by centrifugation for 10 min at 100 g at 4°C to remove platelets. Next, the BMI, body mass index defined as the weight kilograms divided by the square of the height in meters (kg/m 2 ); FC/M, the first check-up by the midwife; LC/M, the last check-up by the midwife; RDT, duration between spontaneous/artificial membrane-rupture time and delivery time; APGAR, assessment of appearance, pulse, grimace, activity and respiration. total number of LD cells was counted using Türk solution.
Purification of CD34 + cells
According to the manufacturer's instruction, and magnetic cell sorting (Miltenyi Biotec, Germany) was used for the positive selection of CD34 + cells. At the end of the procedure, the CD34 + cell recovery from LD cells was approximately 0.1-0.6%, and the purity analyzed by flow cytometry was 80-95%. Viability was verified using the trypan blue dye exclusion method.
Statistics
A multiple linear regression was performed to test for association between mutually adjusted maternal/ neonatal characteristics (independent variables) and cell yields (dependent variables). Data were also analyzed for univariate analysis using the Student's t-test, the Mann-Whitney's U-test, the Kruskal-Wallis test and the Pearson's correlation coefficient. Statistical analysis was performed using the SPSS software version 10.0 (SPSS Japan, Inc., Tokyo) and the program Origin (Origin Lab, Northampton, MA, USA) for Windows. A value of p < 0.05 was considered to be significant. Table 2 shows the summary of characteristics among 176 CB units analyzed in this study. The mean net weight of CB collected was 54.5 g, the mean cell count of LD cells and CD34
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+ cells was 17.1 × 10 7 (n = 163) and 125.8 × 10 4 (n = 
The relations between the total LD/CD34 + cells and maternal/neonatal factors
The results of the multiple linear regression analysis are outlined in Table 3 . The net weight of CB, RDT, the presence of meconium in the amniotic fluid, the second stage of labor, prepregnancy BMI, and cord length showed the significant effects on the total LD cells. The total LD cells, RDT, net weight of CB, cord length, and the number of parities showed the significant effects on the total CD34 + cells. Meanwhile, the results of the univariate analysis are shown in Fig.  1 . The significant positive correlation was observed each other between the following factors: neonatal birth weight, placental weight, net weight of CB, and gestational age (Fig. 1A-C) .
The relations between the total LD/CD34 + cells and the gravid status with maternal age
Focusing on the maternal age and gravid status, the total LD cells had a slightly significant correlation with the maternal age of 1-gravidae (Fig. 1D ), but not with the maternal age of all donors (data not shown). As shown in Table 4 , although the total LD cells from 1-gravidae were relatively higher, no significant differences were observed among the gravid status. In contrast, the total CD34 + cells from 1-gravidae were significantly higher than those of 2-gravidae and 3-gravidae respectively. Next, focusing on the 1-gravidae with maternal age, the total LD cells from the 1-gravidae aged 25 years old were significantly higher than those from the 1-gravidae aged 24 (Table 5 ). In addition, the total CD34 + cells obtained from 1-gravidae was significantly higher than those of 2-gravidae aged 24 years (Table  6 ), but no significant differences were observed among the gravidae aged 25 years (data not shown). 
DISCUSSION
In the previous studies we performed, as above-mentioned, LD cells and CD34 + cells were prepared from more than 700 CB units. In this process of separations, the red blood cells and granulocytes are fully removed during the treatment of Ficoll-Paque centrifugation and the purification of CD34 + cells. According to other previous reports (Ballen et al. 2001; Mohyeddin Bonab et al. 2004; Nakagawa et al. 2004 ), hydroxyethyl starch is used for the separation of nucleated cells and the contents of CD34 + cells are analyzed by flow cytometry. Therefore it could be difficult to compare the absolute numbers of cells in our results with others because the total nucleated cells in other previous reports seem to contain more granulocytes. However, the multiple linear regression analyses in the present study show the significantly positive correlations between the total LD/CD34 + cells and maternal/neonatal factors (Table 3) . These results are consistent with most of the previous reports (Donaldson et al. 1999; Yamada et al. 2000; Li et al. 2001; George et al. 2006; Mancinelli et al. 2006) , including that meconium in the amniotic fluid correlates with better cell counts (Askari et al. 2005) . Therefore the total LD cells per CB unit analyzed in the present study can be assumed as a substitute variable instead of the total nucleated cells in some previous studies (Lasky et al. 2002; Mohyeddin Bonab et al. 2004; Solves et al. 2005) , and can be also confirmed by other previous studies (Pafumi et al. 2001; Bornstein et al. 2005) . In addition, the univariate analyses also show the significantly positive correlations between neonatal birth weight, placental weight, net weight of CB, and gestational age (Fig. 1A-C) , implying that bigger is better (Ballen et al. 2001 ). This confirmation consequently allows both LD cells and CD34 + cells to be the variables influenced by the maternal and neonatal factors without any problems caused by different cell-separation/processing procedures.
In a multiple regression analysis, no significant correlation is observed between the maternal age of all donors and the total LD cells or the total CD34 + cells (Table 3) . These results are consistent with several previous studies showing that maternal age does not affect either nucleated cells or CD34 + cells (Donaldson et al. 1999; Nakagawa et al. 2004; George et al. 2006; Mancinelli et al. 2006) . However, focusing on the 1-gravidae alone, the maternal age of 1-gravidae have a slightly positive correlation with the total LD cells (Fig. 1 D) . This result is consistent with the previous study that the total nucleated cell counts significantly increase in women older than 25 years, and women with fewer parities (Mohyeddin Bonab et al. 2004) . Interestingly, we demonstrate that the total LD cells of 1-gravidae aged 25 are significantly higher than 1-gravidae aged 24 (Table 5 ). This result may be able to explain the previous report that there is no loss of hematopoietic potential in babies delivered to women between the ages of 35 and 40 (Ballen et al. 2001) .
Meanwhile, the present study demonstrates that primiparae are more likely to have a longer duration of labor, the first stage of labor, the second stage labor and RDT than multiparae (data not shown). In the multiple regressions, significant positive correlations are observed between the total LD/CD34 + cells and RDT (Table 3) , which can support the result that CB units from 1-gravidae have higher cell yields than 2-gavidae and 3-gavidae (Table 4) . The previous studies also reported that greater cell counts are obtained from the woman with longer first stage of labor (Ballen et al. 2001 ) and the total length of labor is one of the significant factors affecting nucleated cell yield (Donaldson et al. 1999) .
The interesting findings in the present study are the relatively younger maternal age and more multiparae including a mother under 25 years old with two or three children. These phenomena may be speculated due to the data from the regional birth center compared to other data from CB banks in metropolitan areas. Therefore an additional analysis was performed in the group of younger mothers under 25 years, thus resulting in the fact that the total CD34 + cells per CB unit from 1-gravidae are approximately two times higher than those from 2-gravidae (Table 6 ).
In the present study, the data show the aspects about cord blood obtained from the regional birth center located in northern part of Japan. The number of samples is relatively smallscale compared to other data from CB banks. However, although there are some limitations due to the relatively small sample size, some previous studies were also analyzed by using small samples around 100 CB units (Donaldson et al. 1999; Yamada et al. 2000; Pafumi et al. 2001) . We therefore believe that our present study is appropriate to some extent. However, further investigations will be required using large-scale samples to overcome these limitations.
Taken together, these results indicate that the CB units from the primigravidae aged 25 may contain higher yield of LD/CD34 + cells. The characteristics of CB units evaluated in the present study might be beneficial to efficient CB selection for both clinical use and basic research purposes.
